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ABSTRACT
)
je

assess the usefulness of the NATO Reference Mobility Model (NRMM) in

The Directorate of Land Requirements (DLR), in an effort to

vehicle procurement activities, initiated a study at the Defence
Research Establishment Suffield with the following objectives: 1) to
determine the difficulty and time required to provide all necessary
NRMM input data for a typical wheeled vehicle; 2) to determine the time
required to perform an NRMM evaluation; and 3) to establish a wheeled
vehicle baseline. The vehicle chosen for this study was the Iltis

UX4 % ton truck. All required vehicle characteristics were obtained
within an acceptable time frame with the exception of the pitch-mass-
moment of inertia of the sprung mass, which eventually was measured at
an American laboratory. The NRMM simulation of the Iltis U4XU required
approximately one month to complete. The baseline performance is rep-
resented by curves of speed versus cumulative percent of area and by a
mobility rating speed of 40 kilometers per hour over representative

German terrain.,/
(ii)
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1.0 INTRODUCTION

The NATO Reference Mobility Model (NRMM), a comprehensive com-
puter program for predicting the mobility of land vehicles, is used
regularly by the US Armed Forces to aid in vehicle procurement activi-
ties. It is utilized both to establish specifications of desired ve-
hicle performance and to evaluate contending vehicles against these

specifications.

The Directorate of Land Requirements (DLR) of the Canadian
Forces, motivated by upcoming vehicle acquisition projects, is consid-
ering NRMM usage as well. This is the result of a desire by DLR staff
to modernize and improve the specification of mobility requirements and
the evaluation of mobility performance of contending vehicles. How-
ever, DLR became aware that, while NRMM mobility evaluations may be
more desirable than those previously used, an NRMM simulation requires

that prospective manufacturers provide extensive data regarding the
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specific characteristics of candidate vehicles. The following question
resulted: "Are vehicle manufacturers prepared to devote the extra
labour and expense required to provide this volume of vehicle data as

an additional part of a proposal?"

Having had no prior requirements to determine the total comple-
ment of NRMM vehicle characteristics, it was deemed appropriate that
DND gain experience with the determination of these data for an in-
service vehicle, and hence establish the time and level of effort re-
quired to perform this chore. Also, it was obvious that a mobility
evaluation of the same vehicle using the NRMM would provide an estimate
of the time required for the analysis of a single vehicle and, at the
same time, establish a wheeled vehicle baseline. For these reasons,
DLR tasked the Vehicle Mobility Section of the Defence Research Estab-
lishment Suffield to perform an NRMM assessment of the Iltis UX4 % ton
truck. This document reports on the experience of acquiring vehicle

data and on the results of simulation runs.

2.0 NRMM INPUT DATA

This section briefly describes the vehicle and terrain informa-
tion required by the NATO Reference Mobility Model for mobility per-

formance predictions.

2.1 Vehicle Information

The NRMM requires input data regarding vehicle geometrical,
inertial, and mechanical characteristics. Required geometrical data
include items such as vehicle wheel base, approach and departure

angles, and vehicle bottom profile. Sprung and unsprung masses and
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pitch-mass-moment of inertia are some of the necessary inertial quanti-
ties. Suspension characteristics and power train description represent

the majority of essential mechanical information.

The work involved in acquiring this large amount of data for

the Iltis vehicle was divided as follows:

1) the Land Engineering Test Establishment (LETE) was tasked
to measure or calculate the more intricate (or difficult to
determine) vehicle characteristics; these are listed in

Annex A;

2) Bombardier, the vehicle manufacturer, was requested to pro-

vide suspension and power train information; and

3) DRES was left to measure the more easily determined geo-

metrical characteristics.
A package of data sheets was assembled which itemizes all of
the vehicle characteristics required to perform NRMM simulation runs

for wheeled vehicles (see Annex B).

2.2 Terrain Information

In addition to vehicle characteristics, the NRMM requires much
terrain information before providing meaningful predictions of vehicle
performance. For NRMM purposes, large areas of complex terrain (tran-
sects) are simplified by dividing them into many small areas which are
essentially uniform in terms of physical characteristics (see
Figure 1). These finite areas of terrain are referred to as terrain

units. Terrain units are described by 22 independent terrain charac-
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teristics such as slope, soil type, seasonal soil strengths, ground
roughness, and vegetation stem size and spacing. In like fashion, long
stretches of road are divided into road segments which are described by
nine independent characteristics, some of which are the same as for
terrain units (i.e. ground roughness and slope). Examples of other .
road characteristics are curvature and surface condition. Also speci-
fied is the amount of off-road area or on-road distance associated with
each homogeneous unit (see Annex C for a list of all terrain and road
characteristics). With terrain described in this way, NRMM mobility
predictions for large areas of terrain are achieved by providing speed

predictions for numerous terrain units and road segments.

Upon initiation of this task, one set of data for on and off-
road terrain from the Federal Republic of Germany was available for
use. In the interim, new data became available for an area of Canadian
terrain located within CFB Petawawa. Mobility predictions are provided
for both areas. Annex C provides a summary of the distribution of ter-

rain features for the FRG and CFB Petawawa off-road terrain areas.

3.0 RESULTS AND DISCUSSION

An assessment of the vehicle data acquisition experience and a

discussion of NRMM modelling results are reported below.

3.1 Acquisition of Vehicular Data

As noted earlier, LETE was tasked to measure a number of items
listed at Annex A. With the exception of pitch-mass-moment of inertia,
LETE was able to respond to the task of measuring vehicle characteris-

tics with existing equipment although, in several instances, unfamiliar
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procedures were involved. The gross vehicle weight as well as the
weight of each axle, when the vehicle is loaded to gross vehicle
weight, were easily measured on the LETE weigh scale. The weight of
the unsprung mass was determined by disassembling the axles and by sum-
ming the entire weight of totally unsprung components (i.e., tires,
drums, etc.) and one half of the weight of partially sprung components
(i.e., one end fixed to the sprung mass such as springs, shocks, axle,
shafts, etec.). The weight of the sprung mass was then easily deter-
mined from the difference of the unsprung mass and the gross vehicle
weight [2].

The weight supported by the tires at fording depth was deter-
mined by suspending the vehicle by a single cable and lowering it into
the LETE swim tank to the rated fording depth. The load supported by
each tire was subsequently calculated from the cable tension by apply-
ing ratios of tire weight to gross vehicle weight (measured while the
vehicle is not fording) for each of the four wheel locations (see

Annex D).

The centers of gravity for the vehicle at gross vehicle weight,
at curb weight, and for the sprung mass were determined in each case by
suspending the vehicle in three different fore/aft inclinations. The
center of gravity location was then determined by sighting a vertical
line from the suspension point down to the vehicle for each inclina-
tion. The resulting intersection of lines on the vehicle body located

the center of gravity.

The aerodynamic drag coefficient was measured at the National
Research Council wind tunnel facility for a range of wind speeds, and
an average value was calculated (see Annex E). The hydrodynamic drag

coefficient was determined by LETE using a method developed by ORAE.
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The procedure involved rolling the vehicle down a known incline from a
predetermined height into a measured depth of water. The hydrodynamic
drag coefficient was calculated from the original potential energy and

the total distance travelled in the water.

The pitch-mass-moment of inertia was measured by the University
of Michigan Transport Research Institute (UMTRI) by the pendulum meth-
od, in which the vehicle is suspended by cables and made to oscillate
like a simple pendulum. Originally, this measurement was to be made by
LETE. However, errors which are often induced by the friction in the
pivot joint of all but the most carefully constructed assemblies, com-
pounded by errors in the length of the pivot arm which are further mag-
nified in parallel axis theorem calculations, often result in grossly
inaccurate results. A considerable amount of time was spent by LETE
engineers investigating alternative means of measuring this quantity.
However, after making several attempts to construct jigs to permit
proper measurement, it was concluded that these methods were not pos-

sible within the time frame and cost constraints of this task.

Consequently, UMTRI was contracted to measure the pitch moment
of inertia. The measurement was performed in less than a day after a
vehicle was delivered to UMTRI. The vehicle's gross weight for this
test was 3050 1b, and the measured moment of inertia was 13240 1lb-in-

sec?. Hence the radius of gyration is 41.0 in or 1.04 m.

However, it should be noted that the value of the pitch-mass-
moment of inertia actually measured by UMTRI was for the entire vehicle
mass whereas the desired value, to be used in vehicle dynamic simula-
tions, is for the sprung vehicle mass only. Therefore, it was neces-
sary to adjust the value of the pitch-mass-moment of inertia to reflect
the deletion of the unsprung mass. This was accomplished by assuming

that the above value of radius of gyration was also valid for the
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sprung mass.

Power train and suspension information were received within two
calendar months of the date they were requested from the vehicle manu-
facturer, Bombardier (see Annex F). The information received was read-

ily changed into NRMM compatible form.

Measurement of the required geometrical data took approximately
two person-days of effort. The entire complement of required vehicle
characteristics is assembled in Annex B in the NRMM Input Data

Package.

3.2 NRMM Mobility Predictions

The NRMM quantifies mobility by providing predictions of speed-
made-good for a vehicle in road or off-road operation. Speed-made-good
between two points is defined as the straight line distance between the
points divided by the total travel time, irrespective of the path
chosen. A speed-made-good prediction for a terrain unit constitutes
the basic output of NRMM. Speed predictions for all of the terrain

units of the FRG and CFB Petawawa transects are listed in Annex G.

The baseline performance of the Iltis may be represented by
graphs of speed versus cumulative percent of area. Figures 2 and 3 are
graphs of speed versus cumulative percent of area for FRG and
CFB Petawawa off-road terrain, respectively. These curves provide
graphical summaries of the speed predictions for all terrain units of
each transect. They give an easy means of obtaining an average pre-
dicted speed for any percentage of the total area of a transect. As

the cumulative percentage of the total area of the transect increases,
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it can be seen that the average achievable speed decreases. For
example, in Figure 2 the Iltis is able to achieve a speed—-made-good of
approximately 22 kilometers per hour over 50 percent of the terrain,
However, the speed-made-good value for 100 percent of this terrain
decreases to approximately half that value. Such curves also provide a
very clear indication of the no-go percent of area; in other words, the
percentage of the area of the transect where the vehicle will have no
mobility. For example, this value is approximately 75 percent of the
total area of the Petawawa transect, Figure 3. Figure U4 is a similar

graph for the three types of road surfaces found in the FRG transect.

In situations where the graphic representation is undesirable,
the speed corresponding to a specific cumulative percent of area value
is an alternative means of representing the baseline performance of a
vehicle. The selected percent of area value is generally derived from
the mobility level expected of a vehicle fulfilling a specified role.
For example, established mobility levels used by the US Army are tacti-
cal high mobility, tactical standard mobility, and tactical support
mobility. The mobility level dictates the percentage of off-road/on-
road terrain on which the vehicle must be mobile (see Table 1). It
follows that the speed corresponding to a specified percentage of off-
road terrain (extracted from a graph such as Figure 2) is a single
number which represents the baseline mobility of the vehicle on that
terrain. The average speed corresponding to 80 percent of the cumul-
ative area (Vg4,) of FRG off-road terrain is 20 kilometers per hour.
This value represents a predicted average speed in the best (most
easily trafficable) 80 percent of the terrain. Results of this form
for on-road and off-road terrain (given a tactical standard mobility

level as defined in Table 1) for the Iltis are summarized in Table 4.

In the case where, for a given area of terrain, both road and
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off-road information are available, another single number called the
mobility rating speed may be used to represent the vehicle baseline.
The mobility rating speed (VMRS) combines Vx values (where Vx is the
average speed corresponding to x% of the cumulative area) from trails,
primary and secondary roads, and off-road terrain into a more global
measure of a vehicle's mobility. The mobility rating speed is calcu-

lated using

100
VMes =
% off-road % trails % secondary roads % primary
+ + + + TP

v v v v
X X X X

where the Vx speeds are taken from applicable speed versus cumulative
percent of area curves. The percent off-road, percent trails, etc.,
weighting factors are defined by the expected mission profile of the
venicle (see Table 2). For the Iltis in a tactical support role, for
example, a typical mission profile specifies 5 percent of all distance
is travelled off-road, 10 percent on trails, 55 percent on secondary

roads, and 30 percent on primary roads.

While negotiating areas of off-road terrain, linear features
such as streams, ditches, and roads are often encountered. In order to
achieve a comphrensive mobility prediction, which is the aim of the
mobility rating speed, some indication of the difficulty that a vehicle
experiences when negotiating linear features must be included. The
NRMM does not currently have, as a support module, an analytical model
to predict retardation of vehicle progress when crossing such features.
Therefore, this is accounted for empirically in the above equation by

specifying a time penalty, TP.
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Several factors influence the value of TP. The frequency of
encountering linear features may be quite different from one geograph-
ical area to another. Also, the problems of ingress and egress depend,
to a large extent, on the soil strength and soil moisture content of
the banks or sides of the feature. Therefore, time penalties change
for different weather scenarios (soil moisture content) and for

different geographical areas as shown in Table 3.

For the example of an Iltis 4X4 in a tactical support role (VX
shown in Table 4) on FRG terrain and assuming a dry weather scenario,

the mobility rating speed is calculated to be 40 kilometers per hour.

4.0 CONCLUSIONS

Conclusions regarding the process of obtaining vehicle charac-

teristics are summarized as follows:

1) geometrical vehicle data were easily measured in a matter

of days,

2) power train and suspension information was readily obtained

from the vehicle manufacturer,

3) the majority of vehicle characteristics requested from LETE
were measured with existing equipment using established

techniques,
) several unfamiliar (to LETE) characteristics were deter-

mined using existing equipment in new ways and by develop-

ing novel experimental procedures,
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5) the pitch-mass-moment of inertia of the sprung mass was the
most difficult characteristic to determine. LETE did not
have and was not able to construct (within the time and
financial constraints of this task) the facilities to ac-
curately measure this value. A value for the pitch-mass-
moment of inertia of the entire vehicle mass was obtained
by contracting the University of Michigan Transport
Research Institute. However, the corresponding value for
the sprung vehicle mass is unavailable. An approximated

value has been used in this report.

Concerning NRMM mobility predictions, the baseline mobility of

a vehicle can be represented in several ways:

1) by graphs or tables of average speed versus cumulative

percent of area, or

2) by mobility rating speeds (VMR ).

S
The mobility rating speed is the most concise representation of overall
performance. A set of graphs of speed versus cumulative percent of
area for all surface categories (trails, off-road, ete) contains the
most information regarding baseline performance. Both are useful ways
of representing the baseline performance. Accordingly, the baseline
performance of the Iltis U4X4 is represented by Figures 2 through 4 and
by a mobility rating speed for FRG terrain (scenario = dry) of 40 kilo-

meters per hour.

UNCLASSIFIED




UNCLASSIFIED 12.

REFERENCES

Haley, P.W., Jurkat, M.P., Brady, P.M. Jr., "NATO Reference
Mobility Model, Edition I, User's Guide. Volume I". Technical
Report No. 12503. U.S. Army Tank Automotive Research and

Development Command. October 1979,

Isnor, G., "Iltis Input Data for VEHDYN II". Personal communi-

cation. November 1987.

Haley, P.W., "Parameters for Mobility Rating Speed Equation".

Personal communication. October 1985.

UNCLASSIFIED




UNCLASSIFIED

PERCENTAGE OF TOTAL DISTANCE/AREA CHALLENGED

MOBILITY LEVEL PRIMARY SECONDARY TRAILS OFF-ROAD
' ROADS ROADS
Tactical High 100 100 100 90
Tactical Standard 100 100 90 80
Tactical Support 100 100 50 50
Table 1

Percentage of Total Distance/Area Challenged for Various

Mobility Levels Within Each Surface Type on FRG Terrain
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MISSION PROFILE -
PERCENTAGE OF TOTAL DISTANCE/AREA
TRAVELLED IN EACH SURFACE TYPE

MOBILITY LEVEL PRIMARY SECONDARY TRAILS OFF-ROAD
ROADS ROADS
Tactical High 10 30 10 50
Tactical Standard 20 50 15 15
Tactical Support 30 55 10 5
Table 2

Percentage of Total Distance/Area Travelled on Different Surface

Types for Specified Mobility Levels on FRG Terrain
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TIME PENALTY
SOIL CONDITION
FRG MID-EAST
DRY .101 .025
WET .109 032
Table 3

Scenario Dependent Time Penalties for Off-Road Terrain

Vloo VIOO VSO vso
Primary Roads |Secondary Roads Trails Off-Road
(km/hr) (km/hr) (km/hr) {(km/hr)
68 52 15 20
Table 4

Selected Mobility Speeds (VX) for the Iltis 4X4 Assuming a
Tactical Support Mobility Level on FRG Roads and Off-Road Terrain
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ANNEX A

VEHICLE CHARACTERISTICS REQUESTED FROM LETE
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The following list itemizes all of the Iltis vehicle character-

istics which LETE was tasked to provide:

Gross vehicle weight.
2. Weight of each axle of vehicle when laden at gross vehicle
weight.
Weight of sprung mass.
Weight of unsprung mass for each axle.
Weight supported by tires at fording depth.
Center of gravity of vehicle at gross vehicle weight,
Center of gravity of vehicle at curb weight.

Center of gravity of sprung mass of vehicle.

W 00 ~N O~ W

Aerodynamic drag coefficient.

10. Hydrodynamic drag coefficient.

11, Pitch mass moment of inertia of sprung mass.

12, Maximum driver's seat acceleration as the vehicle negoti-
ates obstacles of various sizes (optional).

13. Average absorbed power at driver's seat as the vehicle

negotiates random terrain of various roughness values

(optional).
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ANNEX B

NRMM INPUT DATA PACKAGE C/W ILTIS VEHICLE CHARACTERISTICS
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NRMM DATA SHEETS FOR WHEELED FIRST UNIT

PROJECT ILTIS

3.0
4.0
5.0

6.0

7.0

8.0

9.0

10.0

Identification

Geometrical Vehicle Characteristics

2.1 Driver's Seat and CG Dimensions

Bottom Profile

Highway Characteristics and Mobility Assist System

Running Gear

5.1 Running Gear - Tire Characteristics

Suspension Force Characteristics

6.1 Suspension - Spring/Damper Tables

6.2 Suspension - DMC Tables

General Suspension Characteristics and Unsprung Suspension

7.1 Independent and Walking Beam Suspensions

7.2 Walking Beam Suspension

7.3 Bogie Suspension

7.4 Bogie Suspension

Power Train - Description

8.1 Power Train - Engine Characteristics

8.2 Power Train - Transmission Characteristics

8.3 Power Train - Final Drive and Transfer Gears Characteris-
ties

8.4 Power Train - Overall Gear Ratio Combinations

8.5 Power Train - Tractive Effort vs Speed Relation

Speed Limited by Obstacle Impact

9.1 Speed Limited by Roughness

Extras and Doubles
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UNCLASSIFIED

ANNEX C

SUMMARIES OF TERRAIN FEATURES OF FRG AND CFB PETAWAWA
OFF-ROAD TERRAIN TRANSECTS
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11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.

—
OCWO~NTOU IHWN —
« s . o

1.
12.

13.

Characteristics of Off-Road Terrain Units

UNCLASSIFIED

terrain unit number
soil type (fine grained, coarse grained, CH)
soil strength (RCI) - dry season

soil strength (RCI) - average season

soil strength (RCI) - wet season
topographic slope (percent)
approach angle (degrees)
height (inches)
width (inches)

obstacle
obstacle
obstacle
obstacle
obstacle
obstacle
surface
spacing
spacing
spacing
spacing
spacing
spacing
spacing
spacing

length (feet)

spacing (feet)
spacing type (avoidable or
roughness (rms inches)

of
of
of
of
of
of
of
of

vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation
vegetation

recognition distance
area of terrain unit (square miles)

in
in
in
in
in
in
in
in

class
class
class
class
class
class
class
class

size
size
size
Size
size
size
size
size

non-avoidable)

OOV =W N —

(in
(in
(in
(in
(in
(in
(in
(in

feet)
feet)
feet)
feet)
feet)
feet)
feet)
feet)

Characteristics of Road Segments

road segment number

road type (super highway, primary road, secondary road, trail)

soil type (fine grained, coarse grained, CH)

urban co

S0il strength (RCI)
so0il strength (RCI)
soil strength (RCI)
soil strength (RCI)

de

dry season

average season

wet season

wet, wet season

topographic slope (percent)
recognition distance (feet)
surface roughness (rms inches)
AASHO curvature speed limit (miles/hour)
length of road segment (miles)

UNCLASSIFIED




UNCLASSIFIED C-3

CFB Petawawa Transect

Number of Units 780 Total Area 459800.000

Type Title No. of Units Surface Area % of Total Area

¥% SOIL TYPE **

Fine-Grained 0 .00 .0
Coarse-Grained 599 401950.00 87.4
Muskeg 181 57850.00 12.6
CH 0 .00 .0
*¥% RMS ROUGHNESS (INCHES) *¥*¥
1 0.0 - 0.5 269 96225.00 20.9
2 0.6 - 1.5 147 146050.00 31.8
3 1.6 - 2.5 364 217525.00 47.3
y 2.6 - 3.5 0 .00 .0
5 3.6 - 4.5 0 .00 .0
6 4,6 - 5.5 0 .00 .0
7 5.6 - 6.5 0 .00 .0
8 6.6 - 7.5 0 .00 .0
9 > T.5 0 .00 .0
%% SLOPE (PERCENT) ¥**
1 0.0 - 2.0 555 415775.00 90.4
2 2.1 - 5.0 46 13300.00 2.9
3 5.1 - 10.0 50 6925.00 1.5
y 10.1 - 20.0 35 9325.00 2.0
5 20.1 - 40.0 61 10300.00 2.2
6 40.1 - 60.0 30 3825.00 .8
7 60.1 - 70.0 3 350.00 .1
8 > T70. 0 .00 .0
*¥% SOIL STRENGTH (RCI) ** DRY SEASON
1 > 280 75 23950.00 5.2
2 221 - 280 93 24750.00 5.4
3 161 - 220 56 59950.00 13.0
] 101 - 160 1 25.00 .0
5 61 - 100 8 5450.00 1.2
6 41 - 60 192 197775.00 43.0
7 33 - ko 178 90725.00 19.7
8 26 - 32 17 1550.00 .3
9 17 - 25 94 32450.00 7.1
10 11 - 16 66 23175.00 5.0
11 0 - 10 0 .00 .0

UNCLASSIFIED
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2
1
1

2
1
1

79.
39.
29.
20.
10.
10.

35.
24,
12.

21
61
01
61
L
33
26
17
1"

21
61
01
61
41
33
26
17
11

OMNMNNOW =

O NO ™

[ V4

P v

Title

280
280
220
160
100
60
4o
32
25
16
10

280
280
220
160
100
60
4o
32
25
16
10

164,
164.
79.
39.
29.
15.
15.
10.

47.2
47 .1
35.7
23.9
12.1

No. of Units Surface Area Total Area
%% SOIL STRENGTH (RCI) ** AVERAGE SEASON

0 .00 .0

75 23950.00 5.2

93 24750.00 5.4

56 59950.00 13.0

1 25.00 .0

8 5450.00 1.2

192 197775.00 43.0
178 90725.00 19.7

17 1550.002 .3

94 32450.00 7.1

66 23175.00 5.0

*%* SOIL STRENGTH (RCI) *¥ WET SEASON

0 .00 .0

0 .00 .0

75 23950.00 5.2

93 24750.00 5.4

56 59950.00 13.0

1 25.00 .0

8 5450.00 1.2

192 197775.00 43.0
178 90725.00 19.7

17 1550.00 .3

160 55625.00 12.1

%¥% VISIBILITY (FEET) *#*

191 211600.00 46.0
212 43500.00 9.5
164 56100.00 12.2
213 148600.00 32.3

0 .00 .0

0 .00 .0

0 .00 .0

0] .00 .0

0 .00 .0

%% OBSTACLE WIDTH (INCHES) **

48 30225.00 6.6

0 .00 .0

0 .00 .0

0 .00 .0

732 429575.00 93.14

= 2 OO0 MO OO

UNCLASSIFIED

CFB Petawawa Transect

Cc-4

UNCLASSIFIED




nge

Title

Avoidable
Non-Avoidable

oo =W = i R WO I —g UL I\ )

—
oOWw @O~ ov FWN =

—_
N —

13

—
i —

0.0 -
1.1 -
3.4 -
6.7 -
10.0 - 19,
19.8 - 492,
> 492,
Bare
65.9 - 196,
36.4 - 65.
26.6 - 36.
18.4 - 26.
13.5 - 18.
8§.5 - 13.
0.0 -
178.6 — 180.
180.0 - 181.
175.6 - 178.
181.5 - 184.
170.1 - 175.
184.5 - 190.
158.1 - 170.
190.1 - 202.
149.1 - 158,
202.1 - 211,
135.1 - 149,
211.1 - 225.
90.0 - 135.
> 225.

AW —
. o

8.

= =W U Ww oo

loRoNeoReNoNoNoNoNoRO RN RS RO]

UNCLASSIFIED

CFB Petawawa Tra

nsect

No. of Units

Surface Area

C-5

% of Total Area

*%¥ OBSTACLE SPACING TYPE **

780
0

459800.

00
00

%% OBSTABLE LENGTH (FEET) ¥**

279

%¥%¥ QBSTACLE SPACING

279
103
398

OO0 0O

%% APPROACH ANGL

-3
o
o

oReoReoNoNoNoNoNeNoloNalloNo)

UNCLASSIFIED

243025.

00

.00
.00
.00

216775.

00

.00
.00

(FEET)

243025.
36550.
180225.

* %

00
00
00

.00
.00
.00
.00
.00

E *%

459800.

00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

100.0

52.

47.

OO =0 COoO\Ww

52.

39.

OO OO ONWYWWY

100.0

loNoReReReRoNoNoNoNeoNolNo o]



UNCLASSIFIED C-6

Germany Transect

Number of Units U481 Total Area 100.220

UNCLASSIFIED

Type Title No. of Units Surface Area % of Total Area
¥% SOIL TYPE *¥%
Fine-Grained 481 100.22 100.0
Coarse-Grained 0 .00 .0
Muskeg 0 .00 .0
CH 0 .00 .0
¥¥% RMS ROUGHNESS (INCHES) *#
1 0.0 0.5 1 .03 .0
2 0.6 1.5 335 77.40 77.2
3 1.6 2.5 70 16.85 16.8
] 2.6 3.5 T4 5.94 5.9
5 3.6 4.5 0 .00 .0
6 4.6 5.5 0] .00 .0
7 5.6 6.5 0 .00 .0
8 6.6 7.5 1 .00 .0
9 7.5 0 .00 .0
¥%* SLOPE (PERCENT) ¥#*
1 0.0 2.0 1 1.75 1.7
2 2.1 5.0 100 28.26 28.2
3 5.1 10.0 126 27.89 27.8
y 10.1 20.0 116 24,83 24.8
5 20.1 40.0 98 13.68 13.7
6 40.1 60.0 25 3.64 3.6
7 60.1 70.0 5 A7 .2
8 70. 0 .00 .0
** SOIL STRENGTH (RCI) *¥* DRY SEASON
1 280 454 96.71 96.5
2 221 - 280 2 .06 .1
3 161 220 25 3.45 3.4
4 101 160 0 .00 .0
5 61 100 0 .00 .0
6 41 60 0 .00 .0
7 33 4o 0 .00 .0
8 26 32 0 .00 .0
9 17 25 0 .00 .0
10 M 16 0 .00 .0
i 0 10 0] .00 .0
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= WOV W =
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Title

221

1
1

2
1
1

79

29.
20.
15.
10.

- W
oON =W,
O N O

61
01
61
41
33
26
17
11

21
61
01
61
4
33
26
i
1

.1

OMNMN—-=0O0

- 164,

v

¥% SOIL STRENGTH (RCI) ** AVERAGE SEASON

280

- 280

220
160
100
60
40
32
25
16
10

%% SOIL STRENGTH (RCI) ¥*¥* WET SEASON

280
280
220
160
100
60
4o
32
25
16
10

164,
79.
29.
19.

15.
10.

u7.

47.1
35.7
23.9
12.1

—_ = OWoLO OO

2

UNCLASSIFIED

Germany Transect

No. of Units

Surface Area

o]
|
-3

% of Total Area

69
232
21
134
0
25

[eoNelNeNoNol

0

0

0
301
21
134
25
0

0
0
0

20.79
37.20
1.08
37.70
.00
3.45
.00
.00
.00
.00
.00

.00
.00
.00
57.99
1.08
37.70
3.45
.00
.00
.00
.00

*¥% VISIBILITY (FEET) **

OO0 OWOOOo

.00
75.02
.00
24.52
.00
.29
.39
.00
.00

%* OBSTACLE WIDTH (INCHES)

T
2
63
146
199

UNCLASSIFIED

25.69
.06
3.91
54.83
15.73

*%

w N
< -3

w
w
QO OO0 =00 —=—=3

(8}

w
W= -
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UNCLASSIFIED c-8

Germany Transect

Type Title No. of Units Surface Area % of Total Area

¥¥% OBSTACLE HEIGHT (INCHES) *#¥

1 0.0 - 5.9 174 16.03 16.0
2 6.0 - 9.8 182 56.15 56.0
3 9.9 - 13.8 97 26.64 26.6
4 13.9 - 14.2 15 .86 .9
5 14.3 - 23.6 4 14 .1
6 23.7 - 33.5 1 .12 .
7 > 33.5 8 .28 .3
¥¥%¥ OBSTACLE SPACING TYPE ¥¥
Avoidable 364 T77.73 77.6
Non-Avoidable 17 22.49 22.4
¥¥ OBSTACLE LENGTH (FEET) *¥
1 0.0 - 1. 31 .75 4.7
2 1.1 - 3. 0 .00 .0
3 3. - 6 0 .00 .0
y 6.7 - 9. 0 .00 .0
5 10.0 - 19. 80 26.02 26.0
6 19.8 - 492, 253 46.96 46.9
7 > 492.0 17 22.49 22.4
*¥* OBSTACLE SPACING (FEET) **
1 Bare 205 37.74 37.7
2 65.9 - 196.9 99 6.26 6.2
3 36.4 - 65.8 9 A2 .4
i 26.6 - 36.3 0 .00 .0
5 18.4 - 26.5 2 .06 .
6 13.5 - 18.3 0 .00 .0
T 8.5 - 13.4 0 .00 .0
8 0.0 - 8.4 166 55.74 55.6

UNCLASSIFIED




UNCLASSIFIED Cc-9

Germany Transect

Type Title No. of Units Surface Area % of Total Area

*%* APPROACH ANGLE ¥¥

1 178.6 - 180.0 5 .24 .2
2 180.0 - 181.5 0 .00 .0
3 175.6 - 178.5 68 5.75 5.7
4 181.5 - 184.5 0 .00 .0
5 170.1 - 175.5 135 9.31 9.3
6 184.5 - 190.0 0 .00 .0
7 158.1 - 170.0 70 25.13 25.1
8 190.1 - 202.0 0 .00 .0
9 149.1 - 158.0 142 53.92 53.8
10 202.1 - 211.0 0 .00 .0
A 135.1 - 149.0 18 .81 .8
12 211.1 - 225.0 0 .00 .0
13 90.0 - 135.0 3 11 .
14 > 225.0 4o 4.95 4.9
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ANNEX D

MEASUREMENT OF WEIGHT SUPPORTED BY TIRES AT FORDING DEPTH
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The weight supported by the tires of an Iltis (laden), while
fording through water 533 mm in depth, was determined by suspending the

vehicle in a sling with a single cable and by performing the

following:

1. Weight of Iltis and sling prior to immersion 2140 kg
2. Weight of Iltis and sling when vehicle

immersed to fording depth 1492 kg
3. Buoyant force of water (#1 minus #2) 648 kg
4, Weight of Iltis without sling 1755 kg
5. Weight of Iltis when fording (#4 minus #3) 1107 kg
6. Percent of weight supported by front tires 43
7. Fording weight supported by front tires

(#5 multiplied by #6) 757 kg
8. Fording weight supported by rear tires
(#5 minus #7) 998 kg

Note: Items 7 and 8 assume the weight ratio among the axles is
the same for an Iltis when fording as it is when not

fording.
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ANNEX E

MEASUREMENTS OF AERODYNAMIC DRAG COEFFICIENT
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The aerodynamic drag coefficient was measured in the 30 foot
wind tunnel at the National Research Council in Ottawa, Ontario.
Experiments were performed at wind speeds of 30 km/hr to 140 km/hr.

The aerodynamic drag coefficients appear in the table below. The
variations in drag coefficient at different speeds are believed to have
been caused by changes in the shape of the tarpaulin and upward

pitching of the vehicle due to aerodynamic lift and drag.

The value of drag coefficient used in simulation runs is
CD = 0.537.

Wind Speed|Aerodynamic Drag
+.5 km/hr|Coefficient (CD)
30 0.456
4o 0.561
50 0.551
60 0.546
70 0.539
80 0.533
90 0.533
100 0.523
120 0.526
140 0.525
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ANNEX F

SUSPENSION AND POWER TRAIN CHARACTERISTICS RECEIVED FROM BOMBARDIER
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Bombardier lltis’
Lxh . 0.5ton

UNCLASSIFIED




UNCLASSIFIED
Bombardier lltis — Technical Data

Engine: METRIC imperiaL  Electrical system:

Model VW 049 Waterproof yes

Type 4 cylinder four stroke gasoline Radio suppressed yes
engine Voltage 24V

i i 3 in3

Displacement 1.7 litre e 1714 cm 105in. Alternator rating 55 A

Bore and §troke 79.5x86.4 mm 3.13x3.401in. Number of batteries 2

Compression ratio 8.2 :41 Steering: )

Fuel gasoline low octane (regular) Type rack and pinion (mainterance fro

Fuel capacity 85 hitres 18.7 imp. gal.) Ratio 19.44 T

Horsepower maxmum 55 kW @ 5,000 RPM {74 HP) Brakes:

Torque: maximum net 135 N-m @ 2800 RPM 100 lbs/ft. Type hydraulic dual circurt diagonally spit

Crankcase capacity 4.0 wiofilterchange 3.5imp. gts. Dimensions:
4 5w filter change 4.0imp. gts. front drum 280 mm 11.02in

Cooling system capacity 7.5 litres 1.6imp. gal. rear drum 280 mm 11.02in

Carburetor Solex 1B1 with thermostarter Total effective area per wheel:

Cooling fan two thermostatically controlled front : 225.2 cm? 34.9in.2
electric fans: rear 225.2 cm? 34.9mn ¢
diameter 280 mm 1 in. Actuation hydraulic with vacuum power ur:”

Transmission: Parking brake type mechanical acting on rear whe+-

Type manual gearbox with integrated sUspension:
differential, dry single plate clutch Type (front and rear) independent wheel suspension

Model VW 005 . on twin control arms

Number of speeds: forward 5 Springs:

_ reverse ! Type (front and rear) multi-leaf semi-elliptic transversal

Gear ratios: springs and polyurethane

1st 3.909 supplementary spring on double
2nd 2.37; action shock absorbers

3rd 1.45 Size {length x width) 97 cm X 7 cm approx.

4th 1.086 38.18i 2 751 g
reverse 7.318 not synchronized A81n. x £, 751N apprs
¢cross-crountry gear 7.603 not synchronized Number of leaves 4 . )

Final drive ratio 37:7 = 5.286 Rate 73.8kN/m 422 tbs'ir:

Lubricant capacity 3.6 litres 32imp.qts.  Tires:

Axles and Differentials: Size 6.50 R 16

Front: differential included in transmission Type cross-country radial tires

type single reduction . = . oo
A 5 285 Dlmenslons. METRIC  IMPERIL..

— manually controlled from inside cab Exterior i

— differential lock optional - controlied manually from inside cab * overall length 3954 mm  155.7 i

— wheels driven by 2 drive shafts with constant velocity joints o overall width w/o mirror 1520 mm 59 ¢ ir

Rear: e reducti e overall height - no load 1837 mm 72,5

type single reduction

r\gt)io 5.2g85 * wheelbase 2017 mm 79.¢ :

lubricant capacity 1.2 1 wio differential lock 1.0 imp. qt. e tires - front/rear track 1230/1260 mm 42.4/43.5
v : . 1..6lwd|ﬁerent|al lock 1.4imp. qt. ® turning radius © 11m 36.06 &

— rear differential always in operation s

— differential lock optional - controlled manually from inside cab * road area 59m2 6551«

— wheels driven by 2 drive shafts with constant velocity joints e ground clearance

Frame: ~ under frame 330 mm 13m0

" - -~ under front axle 250 mm 9.t

Type ladder (side rails and crossmembers) — under rear axle 260 mm 98

Side members closed box section — under front bumper 588 mm (no load) 23.1in

- - 7

Number of crossmembers 4 transverse bracings under rear bumper 590 mm (no load) 23.2 o
2 spring carriers  fording depth 600 mm 23.6:n
1 bolt-on crossmempber in front * angle of approach/departure 41.5°32.5°

¢ ramp angle 32°
w o rollover lateral resistance 37°
¢ Shipping dimensions:
mimmum reducible height 1370 rmmn 53 9
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e Shipping cubic at min

reducible height 8.2 m3 288 ft3
¢ Shipping cubic at std. dimensions 11 m3 388 ft.3
Interior
¢ front

— door to door {seat height) 1413 mm 55.6 in.

— door to door {shoulder height) 1450 mm 57.1 in.
® maximum height 1130 mm 445 in.

® headroom front/rear 1020/920 mm 40.2/36.2 in.

® seat width front/rear 1413/970 mm 55.6/38.2 in.

e shoulder height width frontirear 1450/1370 mm 57.0/53.9 in.

363/363 mm 14.3/14.3 in.
400 mm 15.8 in.

® seat height front/rear

¢ length of load area

¢ length of load area to

frontseat backrest 1120 mm 44 1 in.
® width of load area 1370 mm 53.9 in.
® |oad area

~— rear seats up 0.55 m2 12

59f
— rear seats folded 1.33 m2 14.3 12

Woeights:

Uniaden weight

1550 kg 3417 Ibs

{depending on equipment)

Payload 500 kg 1102 lbs
Total weight 2050 kg 4519 ibs
Permissible axle load:
front 1000 kg 2200 lbs
rear 1250 kg 2756 lbs
Permissible trailer ioad:
braked . 2000 kg 4400 1bs
unbraked : 750 kg 1653 Ibs
Tongue weight (trailer) 75 kg 165 Ibs
Performance: :
Top speed 130 km/h 80 mi./h
Minimum speed 4 kmih 2.5 mi./h
Cruising range 700 km 435 mi.
Fuel consumption
— in town cycle 14.61/100km  19.3 mi./imp. gal.
— at constant 90 km/h 10.51/100km  26.9 mi./imp. gal.

— at constant 120 km/h 15.0/100km 18.8 mi./imp. gal.

Climbing ability fully laden:

1st gear 32.0%
2nd gear 16.8%
3rd gear 9.2%
4th gear 5.3%
Reverse gear 72.5%
Cross-country gear 77.0%

Climbing ability fully laden

(total vehicle weight) and 750 kg trailer weight:
1st gear 22%
Cross-country gear 48%

Climbing ability fully laden

and 2000 kg trailer weight:
1st gear 15%
Cross-country gear 32%

TOOLS and PUBLICATIONS

Each vehicle is equipped with one of each of the following
items:

TOOLS

" Pliers slip joint

Screwdriver flat tip

Screwdriver Phillips #2

Wrench drain plug for transmission and differential
Wheel socket

Bar wheel socket

Guide pin wheel changing

Tool bag

Jack support

Jack

PUBLICATIONS
Operator’s Manual
Lubrication Chart
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BOMBARDIER ILTIS - DIMENSIONS

¥ PP !
[ AV ]

e 2017 mm (79.409") —————
3954 mm (155.7"')

\\ )

o
. F
[
e
1837 mm (72.323"")
O

—1230 mm (48.425")—-‘ lk—1260 mm (49.606"")—
e————1520 mm (59.842"")——i

’

!
|
|
!
\

Bomberdier Inc. reserves the right at any time to change specifications, design, features, models or equipment
without incurring obtigations.

Bombardier Inc.
Logistic Equipment Division

8183 000 055 Valcourt, Que., Canada, JOE 210
Telephone (514) 532-2211

Cable Bombarsnow, Telex 05-832575

* Trademark of Bombardier inc.
Litho’d in Canada.
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SAMPLE COMPUTATION

SUSPENSION DATA - ILTIS

A. Springs

Reference : Drawing no.B183 411 103

On the diagram, the constant for fixed spring is : C=79.0 N/mm

Constant: 1 1bf = 4.448 N
1 in = 25.4 mm
Hence : C = 451.1 1bf/in
Remark: - F = 0.N is rest position ( +112 mm displacement)
- F = 3200 N (719 1bf) is the estimated weight on a front wheel ¥
- F =

7600 N (1709 lbf) is the estimated weight on a rear wheel *
- The value of "C" is the same for front & rear, loaded of unloaded.

* based on a hypothetical distribution of the total weight for a German Iltis.

B. Shock Absorbers

Reference : Drawing No TAB 010 125
For shock absorber part no. B183 413 031 0Z

Conversion : Deflection rate (in/sec) where 1 cycle = 2 strokes

Then : 2 x stroke (mm) x 100 CPM x 1 in x 1 min Deflection in

25.4 mm 60 sec rate sec

Interpretation: - Pull step = force unloading

- Compression step = force loading
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Stroke (mm) 10 25 50 75

SHOCK ABSORBER
IDENTIFICATION NUMBER|C.P.M. (min ~1!) 100 100 100 100

extension force| 850 2180 2550 2780

(N) +200 +220 +250

B183 400 021
compression 850 1130 1320
force (N) 360 +110 +110 £140

Notes: 1. Damping tested at 20° +2°C
2. Hydraulic stop, 3800 +400N

Extension and compression forces for Iltis shock absorber when cycled

using various stroke lengths
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ANNEX G

NRMM TERRAIN UNIT SPEED PREDICTIONS
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The basic output of the NATO Reference Mobility Model for areal
terrain units consists of the following (as it appears on the next
11 pages of this Annex):

1) Terrain unit number, NTU
2} Terrain type, ITUT

1 - normally dry patch

2 - marsh or other water covered patch
11 - superhighway

12 - primary road

13 - secondary road

14 - trail

3) The omnidirectional speed-made-good attainable by the
vehicle in the terrain unit, VMAX (this is a harmonic
average of U4, 5, and 6 below)

4) The attainable speed-made-good going with the topographic
slope (up grade)

5) The attainable speed-made-good on the level across the
grade)
6) The attainable speed-made-good going against the topographic

slope (down grade)

7) The selected omnidirectional speed-made-good which considers
both the vehicle capabilities and human factors, VSEL

8) The selected speed-made-good up grade

9) The selected speed-made-good across the grade

10) The selected speed-made-good down grade

11) Grade (topographic slope)

12) Area of the terrain unit.

Columns 13 through 20 present the same information given in
columns 3 through 10 but in units of kilometers per hour rather than
miles per hour. Column 21 is identical to column 1. It is repeated
for ease of reading values in the table.

Note that the predicted speeds presented in columns 4, 5, and 6
as well as those in columns 8, 9, and 10 will be different only if
slope is the speed limiting factor. Note also that the speed predic-
tion listed as applying to operation on the level actually refers to

operation across the slope. In other words, the vehicle is assumed to
be operating on a side slope but not climbing or descending a grade.
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